ADA112581 


USAAEFA  PROJECT  NO.  81-07 


IRWORTHINESS  AND  FLIGHT  CHARACTERISTICS  TEST 
OF  AN  OH-S8C  CONFIGURED  TO  A 
LIGHT  COMBAT  HELICOPTER  (LCH) 


FINAL  REPORT 


ARTHUR  R.  MARSHALL,  JR. 

MAJ,  US  ARMY 
PROJECT  OFRCER/PILOT 

RALPH  WORATSCHEK 
PROJECT  ENGINEER 


ROBERT  N.  WARD 
LTC,  US  ARMY 
PROJECT  PILOT 


Reproduced  From 
Best  Available  Copy 


OCTOBER  1981 


oi 

L.  Ijl.’  ,-  ^  ■ 


Approved  for  pubUc  reieae;  distribution  unlimited. 


UNITED  STATES  ARMY  AVIATION  ENGINEERING  FUGHT  AcnVIfY 
EDWARDS  AIR  FORCE  BASE,  CAUFORNU  f 


82  OS 


OSi 


DISCIJ^IMER  NOTICE 


'Hm*  findinip  iif  iiiio  report  are  not  to  be  ’Conatnwd  aa  an  official  Department  of 
the  Army  pnaition  unleaa  ao  deaigiuted  by  other  authoriaed  dccunaenta. 


DISPOSITION  INSTRUCTIONS 

Dratroy  thia  report  when  it  ia  no  lonfer  needed.  Do  not  retim  it  to  the  orijpnator. 


TRADE  NAMES 

'Die  use  of  trade  names  in  thia  report  does  not  constitute  an  offidd  endoraement 
nr  approval  of  the  uae  of  the  commercial  hardware  and  software. 


SeCUWTY  CLASSjfJCATlON  Of  THIS  £>•*•  Ef»r*r#d) 


f 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLKTWn  FORM 

1.  nCeOUT  NUMBER  1.  GOVT  ACCESSION  NO 

USAAEFA  PROJECT  NO.  8 1-07  S 

%.  RCCl^tCHT  ft  CaTAUOQ  HUUrtR 

w _ _ 

A.  TITLE  (tnd  SuMIU) 

AIRWORTHINESS  AND  FLIGHT  CHARACTERISTICS  TEST 
OF  AN  OH-58C  CONFIGURED  TO  A  LIGHT  COMBAT 
HELICOPTER  aCH) 

S.'TYRE  of  REKORT  S  RERIOO  COVERED 

FINAL  REPORT 

July-September  1981 

«.  PEnroMMiMO  ona,  rcport  mumbeh 

7.  AUTHORTaJ 

ARTHUR  R.  MARSHALL 

RALPH  WORATSCHEK  ROBERT  N.  WARD 

a.  CONTRACT  DR  GRANT  NUMBERTaJ 

a.  RERRORMINO  OROANIZATIOM  NAME  AMO  AOORtSS 

US  ARMY  AVIATION  ENGINEERING  FLIGHT  ACTIVITY 
EDWARDS  AIR  FORCE  BASE,  CALIFORNIA  93523 

10.  program  element. project,  task 

AREA  A  BORK  UNIT  NUMBERE 

EN-01-RA127-EN-EC 

It.  CONTROLLING  OERlCE  NAME  ANO  AGORESS 

US  ARMY  AVIATION  RESEARCH  AND 

DEVELOPMENT  COMMAND 

ST.  Lours,  MISSOURI  63120 

t2.  OATS 

nrxnRF.R  198!  .  _ 

NUMBKR  0^  ^AQtft 

00 

II.  monitoring  agency  name  a  AOOREISflf  GIMaaaKi  Rkki  CaRMlIlnE  Olllm) 

1ft.  ftSCUAlTY  CLAftft.  (•$  lhi« 

UNCLASSIFIED 

1ft«.  OeCVAtftl^lCAnOM/oOVNOSAOiNO 
SCmBOUUK 

u.  OltTmtUTlON  tTATCMCNT  f«l  JUgMtft; 


Approved  for  public  release ;  distribution  uniimitsu. 


IT.  (NfTmauTION  tT  ATCMCNT  (•!  *•  UtitmU  Ik  Wm*  M,  U  «ncMKt  ftaai  Kttmn) 


hiii^chchtakv  hotc« 


It.  KtY  wonot  (Cmttmm  kk  nrm—  alaKi  . . .  immtilf  *r  Mm*  KiKiMr> 

OH'SSC  Light  Combat  Helicopter  (LCH) 

OH-SS  Perfonnance  and  Handling  Qualities 


Ita  amthact  cn  wm—KK  !■»»»— «t*  IT  1 1 . «r  »— *  pwxo 

[The  United  States  Army  Aviation  Engineering  Flight  Activity  conducted  a  limited  airworthiness  and 
flight  characteristics  test  of  the  OH-58C  Light  Combat  Helicopter  (LCH)  from  22  July  through 
9  September  1981.  The  OH-58C  LCH  configuration  increases  the  gross  weight  of  the  helicopter  to 
3425  pounds  and  includes  one  7-tubo  2.75-inch  rocket  pod  and  one  7.62mm  minigun  mounted 
externally.  Performance  and  handling  qualities  were  evaluat^.  The  OK-S8C  LCH  was  tested  at 
Edwards  Air  Force  Base,  California  (elevition  2302  feetlStKlotal  of  20  flints  were  conducted  for  a 
total  of  26.0  flight  hours.  As  a  result  of  the  increased  maximum  gross  weight  of  the  OH-S8C  LCH,  the 
hover  ceiling  was  reduced.  Level  flight  performance  wu  degraded  by  the  LCH  configuration.  No  . 
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DRDAV-U 

SUBJECT:  Directorate  for  Development  and  Qualification  Position  on  the 
Airworthiness  and  Flight  Characteristics  Test  of  an  OH-58C 
Configured  to  a  Light  Combat  Helicopter  (LCH) ,  L'SAAEFA  Project 
Number  81-07 


SEE  DISTRIBUTION 


1.  The  purpose  of  this  letter  la  to  establish  the  Directorate  for  Develop¬ 
ment  and  Qualification  position  on  the  subject  report. 

2.  This  Directorate  agrees  with  the  subject  report;  however,  the  configuration 
is  no  longer  to  be  utilized  by  operational  units. 

3.  The  deficiency  cited  in  the  report  (paragraph  18)  will  be  corrected  by 
application  of  the  OH-58C  upgrade  program.  This  program,  currently  under 
contract  with  Bell  Helicopter  Textron,  will  result  in  airworthiness  qualifi¬ 
cation  of  an  increased  transmission  rating,  an  improved  tall  rotor,  and  a 
three-axis  stability  and  control  augmentation  system, 

4.  We  agree  that  a  reduction  of  the  never  exceed  airspeed  (V^g)  would  be 
appropriate  for  operation  above  3200  pounds  gross  weight  and  at  a  high  density 
altitude.  However,  there  is  insufficient  data  available  to  determine  a  new 
V'ne.  Should  the  OH-58C  be  used  at  higher  weights  and/or  density  altitudes, 

a  test  effort  would  be  required  to  accurately  determine  a  new  V}f£. 

,  ^  ' 

5.  A  change  will  not  be  made  to  the  operator's  manual  regarding  Inadvertent 
overtorques  for  two  reasons.  Use  of  the  al^rcraft  at  weights  above  3200  pounds 
has  been  abandoned.  In  addition,  the  aforementioned  transmission  upratlng 
will  significantly  reduce  the  potential  for  overtorque. 

FOR  THE  COMMANDER:  ' 

CHARLES  C.HiWOTORD,  iTO. 

Director  of  Development 
and  Qualification 
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DISTRIBUTION 


INTRODUCTION 


BACKGROUND 

1.  The  US  Army  was  evaluating  the  potential  of  the  OH-58C  as  a  light  combat 
helicopter  (LCH).  The  OH-58C  LCH  configuration  increases  the  gross  weight  of  the 
helicopter  to  3425  pounds  and  includes  one  7-tube  2.7S-inch  rocket  pod  and  one 
7.62mm  minigun  mounted  exlertially.  The  United  States  Army  Aviation  Research 
and  Development  Command  (AVRADCOM)  directed  the  United  States  Army 
Aviation  Engineenng  Right  Activity  (USAAEFA)  to  conduct  an  airworthiness  and 
flight  characteristics  (A&FC)  test  on  the  OH-S8C  LCH  (app  A,  ref  1 ). 


TEST  OBJECTIVE 

2.  The  objective  of  this  test  was  to  obtain  limited  performance  and  handling 
quality  data  at  gross  weights  of  3300  to  3400  pounds. 


DESCRIPTION 

3.  The  test  helicopter  (USA  S/N  68-16870)  was  a  standard  OH-S8C 
manufactured  by  Bill  Helicopter  Textron  (BHT).  Operation  of  the  OH-58C  in  the 
LCH  configuration  required  increasing  the  maximum  gross  weight  from  3200  to 
3425  pounds.  Major  external  modifications  included  instaUadon  of  BHT 
two-position  landing  gear,  an  M27EI  (7.62  minigu".)  armament  subsystem  mounted 
on  the  left  side  of  the  aircraft,  and  an  M158AI  2.75-inch  folding  fin  aerial  rocket 
(FFAR)  seven-tube  pod  mounted  on  the  right  side  of  the  aircraft.  Internal 
modifications  included  installation  of  additional  secure  voice  radios,  an  OMEGA 
LTN-211  navigation  system,  and  lifting  system  modifications  to  better 
accommodate  night  vision  go^e  operations.  Photr>grap)u,of  the  test  aircraft  arc 
presented  in  appendix  B.  A  detailed  description  of  the  standard  OH-S8C  is  contained 
in  the  operator  s  manual  (app  A,  ref  2),  with  modifications  incorporated  in  the  LCH 
configuration  contained  in  the  test  request  (app  A,  refl),  and  described  in 
Appendix  B. 


TEST  SCOPE 

4.  The  A4FC  was  conducted  at  Edwards  AFB,  California  from  22  July  through 
9  September  1981 ,  and  consisted  of  26.0  flight  hours  of  which  )S.2  hours  were 
productive.  Tlie  use  of  an  OH-S8C  as  an  LCH  was  discontinued  by  the  user  and  the 
A&FC  wu  terminated  before  all  the  planned  tests  were  completed.  Right 
limitations  contained  in  the  operator's  manual  and  the  airworthineas  release  (app  A. 
refs  2  and  3)  were  observed.  Test  conditions  are  presented  in  table  I.  Center  of 
gravity,  sideslip,  and  airspeed  limitations  from  the  airworthiness,  release  are 
presented  in  figures  I  through  4,  appendix  B. 


TEST  METHODOLOGY 

5.  Right  test  techniques  used  ate  described  in  references  4  and  5,  appendix  A. 
Handling  qualities  ratings  were  assigned  in  accordance  with  a  Handling  (Qualities 
Rating  Scale  (HQRS).  Data  were  recoided  utilizing  an  onboard  magnetic  tape 


recording  system  installed  and  maintained  by  USAAEFA.  Control  system  rigging 
check  and  aircraft  weight  and  balance  were  performed  by  USAAEFA  personnel. 


RESULTS  AND  DISCUSSION 


GENERAL 

6.  Hover  and  level  flight  performance  testing  was  conducted  to  determine  the 
effects  of  the  LCH  configuration  on  the  OH-58C.  Hover  performance  capability  was 
essentially  unchanged  from  the  standard  OH-58C.  As  a  result  of  the  increased 
maximum  gross  weight  of  the  OH-58C  LCH  the  hover  ceiling  was  reduced.  Level 
flight  performance  was  degraded  by  the  LCH  configuration.  Tlie  handling  qualities 
of  the  OH-58C  LCH  were  evaluated  at  3380  pounds  gross  weight  and  FS  110.8 
longitudinal  eg  (aft)  which  were  assumed  to  be  mission  conditions.  Test  results  were 
compared  with  previous  OK-58C  test  results  (refs  6  and  7,  appA).  No  significant 
handling  qualities  differences  were  noted  when  compating  test  results  for  the 
OH-58C  LCH  to  the  test  results  of  the  standard  OH-58C.  A  total  of  one  deficiency 
and  two  shortcomings  were  identified.  The  deficiency  and  one  ihertcoming  were 
relative  to  low-speed  flight  characteristics  and  were  previously  identified  in  the 
standard  OH-SSC.  The  remaining  shortcoming  was  a  high  pilot  work  load  which 
OCCUR  due  to  the  inadequate  margin  between  torque  required  and  the  main 
transmistion  torque  limir  of  the  OH-S8C  LCH  at  motion  gross  weight  conditions. 


PERFORMANCE 
Hover  Performance 

7.  a.  The  hover  performance  capability  of  the  OH-58C  LCH  was  evaluated 
by  determining  the  engine  power  required  to  hover  in-ground-effect  (IGE)  at  a 
2-foot  skid  height  and  out-of-ground-effect  (OGE)  at  a  SO-foot  skid  height.  Testing 
was  accomplished  at  Edwards  Air  Force  Base  (2302-.foot  elevation)  uwg  the 
tethered  hover  method.  Photographs  of  the  tethered  hover  rig  are  presented  in 
appendix  C.  A  summary  of  the  G<3E  hover  performance  is  presented  in  figure  1, 
appendix  E,  and  nondimensional  test  results  are  presented  in  figures  2  and  3. 

b.  The  hover  performance  capability  of  the  OH-58C  LCH,  is  essentially 
unchanged  from  the  standard  OH-S8C.  At  the  higher  maximum  gross  weight  of  the 
OH-58C  LCH  (3425  lb),  the  OGE  hover  capability  is  bmit^  by  the  main 
transmission  limit  (317  shp  at  100  percent  rotor  ip^).  This  means  that  the 
maximum  CXHE  hover  ceiling  for  the  OH-S8C  LCH  at  342S  pounds  on  a  standard 
day  is  33(X)  ft  and  is  950  ft  on  a  35*C  day. 


8.  Level  flight  performance  tests  were  conducted  to  determine  power  required 
and  fuel  flow  as  a  function  of  ainpeed,  gross  wei^t,  and  density  altitude.  The 
constant  referred  gross  weight  and  rotor  speed  (W/8  and  tiUJ)  method  was  used. 
Data  were  obtained  in  zero  sideslip  stabilized  level  flight  at  incremental  ainpeeds 
ranging  from  33  to  I05knoU  true  airspeed  (KTAS).  Results  of  these  tests  are 
presented  nondimentionally  in  figures  4  and  S  and  dlmensionaily  in  figures  6 
through  1 1 ,  appendix  E. 


a.  Figure  A  shows  a  comparison  between  the  standard  OH-58C  with  doon 
removed  snd  the  OH-58C  in  the  LCH  configuration.  The  specific  conditions  for  this 
comparison  are  3200  pounds  gross  weight.  4000  feet  pressure  altitude,  and  35*0(0^ 
■  0.003963).  This  is  the  maximum  takeoff  gross  weight  for  the  sta^aid  OH-SSC 


W 
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but  is  225  pounds  less  th<in  the  maximum  allowable  takeoff  gross  weight  of 
3425  pounds  for  the  OH-58C  LCH.  Test  results  show  that  the  OH-58C  LCH  has 
increased  power  required  when  compared  to  the  standard  OH-5SC.  For  example, 
from  figure  A,  at  90  KTAS,  the  OH-58C  LCH  requires  an  additional  32  shp.  As  a 
result  of  the  increased  shp  required,  the  range  and  endurance  capabilities  of  the 
OH-58C  LCH  will  be  decreased. 

b.  In  all  tests  above  3200  pounds  gross  weight,  airspeed  was  not  power 
limited  but  rather  was  limited  by  the  airworthiness  release,  (fig.  4,  app  B).  One 
exception  occurred  at  the  highest  C.^  tested  (C^  “  O.OOSOOi).  In  this  case, 
(never  exceed  airspeed)  could  not  he  reached  because  of  excessively  high  two/rev 
vibration,  probably  caused  by  blade  stall.  This  vibration  was  severe  enough  that  the 
pilot  would  not  operate  the  aircraft  at  these  conditions  Que  to  discomfort  and 
fear  of  aircraft  damage.  The  vibration  encountered  prior  to  Vj^g  at  high  density 
altitude  conditions  restrict  the  usable  airspeed  envelope. 


HANDUNG  QUAUTIES 

Control  Positions  in  Trimmed  Forward  Flight 

9.  Control  positions  in  trimmed  forward  flight  were  evaluated  during  level  flight 
performance  testing  at  the  conditions  listed  in  table  1.  Data  are  presented  in 
figures  12  through  17,  appendix  E.  Control  poaitions  in  trimmed  forward  flight  are 
basically  unchanged  from  those  of  the  standard  OH-S8C 

Static  Longitudinal  Stability 

1 0.  Collective  fixed  static  longitudinal  stability  was  evaluated  in  ball-centered  flight 
for  level  flight,  climbs,  and  autorotations  at  the  conditions  listed  in  table  1.  Data  are 
presented  in  figures  18  through  20,  appendix  E.  Static  longitudinal  stability, 
indicated  by  longitudinal  control  position  variation  with  airspeed,  was  positive  for 
all  conditions  ev^uated.  The  pitch  divergence  observed  during  climbs  (ref  6,  app  A) 
were  not  observed  during  this  evaluation  probably  because  the  high  gross  weight  of 
the  LCH  precluded  rates  of  climb  over  1000  foot  per  minute.  As  evaluated,  the 
longitudinal  static  stability  of  the  OH-S8C  in  the  LCH  configuration  is  similat  to  the 
standard  OH-58C. 

Static  Latetsi-Directional  Stability 

1 1 .  Static  lateral-directional  stability  was  evaluated  durini  level  flight,  climbs,  and 
autorotations  using  steady  heading  sideslips  at  the  conditions  listed  in  table  1 .  Data 
are  presented  in  figures  2 1  through  23,  appendix  E.  Static  directional  stability, 
indicated  by  variation  of  directional  control  with  sideslip,  was  positive  at  all  test 
conditions.  Dihedral  effect,  indicated  by  variation  of  late^  control  position  with 
sideslip,  was  positive  at  all  test  conditions.  Sideforce  cues, indicate  by  roll  attitude 
with  sideslip,  were  weak  but  positive.  The  static  lateral-dimtionai  characteristics  of 
the  OH-58C  in  the  LCH  configuration  are  similar  to  the  standard  OH-S8C. 
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Maneuvering  Stability 


12.  Maneuvering  stability  was  conducted  at  the  conditions  listed  in  table  1,  using 
coordinated,  fued  collective,  steady  turns  at  various  bank  angles.  Data  are  presented 
in  figure  24,  appendix  E.  Longitudinal  stick  force  cues  were  light  biit  in  the  correct 
direction  for  all  conditions  evaluated.  At  load  factors  equivalent  to  bank  angles  of 
45  to  50  degrees  an  oscillatory  feedback  force  was  felt  in  the  longitudinal  cychc 
control.  However,  this  should  not  adversely  inpact  the  aircraft’s  mission  capability. 
For  the  airspeeds  evaluated,  the  maneuvering  stabihty  characteristics  of  the  OH-58C 
in  the  LCH  conflguration  is  similar  to  the  standard  OH-58C. 


13.  Hovering  and  forward  flight,  longitudinal,  lateral  and  directional  dynamic 
stability  were  evaluated  at  the  conditions  listed  in  table  1,  using  control  pulse  inputs. 

a.  Hover.  Lateral  and  directional  control  pulses  generated  an  essentially 
deadbeat  aircraft  response.  Forward  and  aft  longitudin^  control  inputs  were 
accompatried  by  a  diveigent  pitch  ossillation  which  became  uncomfortable  after  the 
first  cycle.  However,  the  motion  was  slow  to  develop,  easily  controlled  (HQRS  3), 
and  should  not  adversely  impact  the  LCH  mission  capabiUty. 

b.  Forward  Flight.  Aircraft  response  was  well  damped  (1  to  2  oscillations)  in 
aU  axes.  The  long-term  response  was  excited  by  a  10-knot  decrease  in  airspeed  and 
was  followed  by  two  overshoots.  Minima!  later^  or  directional  control  inputs  were 
required  to  maintun  aircraft  heading  and  roll  attitude.  Forward  flight  dynamic 
stability  characteristices  of  the  OH-S8C  in  the  LCH  configuration  are  similar  to  that 
of  the  standard  OH-58C. 

Controllability 

14.  Hovering  and  forward  flight  longitudinal,  lateral  and  directional  controllability 
tests  were  conducted  at  the  conditions  listed  in  table  1.  Control  fixtures  were  used 
to  obtain  various  size  inputs.  Test  results  are  presentcxl  in  figures  25  through  30, 
appendix  E.' 

a.  Hover.  (1)  There  was  no  unusu:d  respoiise  to  control  inputs  while 
hoVering.  Forward  longitudinal  inputs  were  accomparied  by  a  slight  rig^rt  yaw; 
however,  there  was  no  perceptible  delay  in  aircraft  response  and  pitch  rate  wao  , 
steady  state  within  a  second.  As  with  all  tail  rotor  configur^  helicopters,  directional 
control  inputs  generated  vertical  climbs  and  descents.  However,  because  of  the  high 
power  required  at  the  high  gross  weight  of  the  LCH,  descents  could  be  difficult  to 
control  if  inputs  were  made  near  the  ground.  OGE  hover  controllability  of  the 
OH-58C  in  the  LCH  configuration  is  similar  to  the  standard  OH-S8C. 

b.  Forward  Flight.  Aircraft  response  to  longitudinal,  lateral,  and  directional 
step  inputs  was  similar  to  that  of  the  standard  OH-58C  (ref  6,  App  A)  except  there 
was  no  dig-in  tendency  observed  during  aft  longitudinal  inputs  at  the  aiispcvu 
evaluated.  There  m«s  no  observed  delay  time  between  control  input  and  aircraft 
response  and  the  rate  was  steady  state  within  ?.  ^ond.  TTiere  was  no  objectionable 
coupling  resulting  from  control  inputs.  Forward  flight  controllability  of  the  OH-58C 
in  the  LCH  configuration  is  similar  to  the  standard  OH-58C. 
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(2)  Torque  required  to  hover  OGC  will  be  within  5  percent  of  the  trans¬ 
mission  limit  at  mission  gross  weight  (3400  lb)  and  density  altitudes  above  900  feet. 
At  these  conditions,  pilot  inputs  to  maintain  a.  hover  and  counter  the  effects  of  wind 
^ts  may  exceed  the  torque  limit.  Pilot  work  load  to  prevent  overtoiques  will 
increase  and  mission  capability  will  be  degraded  when  the  combination  of  gross 
weight  and  ambient  condtions  dictate  operations  near  the  torque  limits.  The 
inadequate  margin  between  torque  required  and  the  main  transmission  limit  of  the 
OH-58C  LCH  at  mission  gross  weight  conditions  causes  hi,th  pilot  worit  load  which 
is  a  shortcoming.  Recommend  that  the  following  caution  be  placed  in  the  operator's 
manual: 

CAUTION 

Inadvertent  overtorque  may  occur  when  operating  the 
aircraft  at  high  gross  weights. 

Low-Speed  FTiaht  Chaiacteristics 

15.  Low-speed  nig.it  was  conducted  at  the  conditions  listed, in  table  1,  utilizing  a 
ground  pace  vehicle  as  a  speed  reference.  The  radar  altimeter  was  used  to  maintain  a 
constant  skid  height  of  10  feet.  The  wind  varied  from  zero  to  S  knots  during  this 
evaluation.  Data  are  presented  in  figures  3 1  through  48,  appendix  E. 

a.  Forward  and  rearward  flight  were  conducted  at  both  mid  and  extreme 
right  lateral  eg.,  Low-speed  forward  flight  was  easily  accomplished  (HQRS  2). 
Rearward  flight  was  accomplished  from  zero  to  30  KTAS  with  considerable  pilot 
compensation  required  to  limit  pitch  and  yaw  oscillations  to  15  degrees  (HQRS  5). 
These  uncommanded  pitch  and  yaw  excursions  were  similar  a‘.  both  the  mid  and 
extreme  right  lateral  eg.  All  control  margins  were  adequate.  The  tendency  for  the 
OH-58C  LCH  to  pitch  and  yaw  excessively  in  rearward  flight  (wh>ch  is  essentially 
the  same  as  the  standard  OH-58C)  is  a  shortcoming. 

b.  Right  sideward  flight  was  accomplished  from  zero  to  35  KTAS  with 
minimal  pilot  compensation  to  control  pitch,  roll,  and  yaw  excursions  (HQRS  3).  At 
the  mid  lateral  eg  all  control  margins  were  adequate.  At  the  extreme  right  later^  eg 
condition  the  1 0  percent  directional  control,  limit  was  reached  at  35  KTAS.  The 
right  sideward  flight  characteristics  of  the  OH-58C  LCH  are  essentially  unchanged 
from  the  standard  OH-58C  snd  are  satisfactory. 

c.  Left  sideward  flight  at  20  and  25  KTAS  could  not  be  satisfactorily 
performed  due  to  excessive  pitch,  roll,  and  yaw  excursions  (HQRS  7).  Continuous 
and  simultaneous  control  movements  of  up  to  ±  1 .0  inch,  longitudinally,  ±0.8  inches 
laterally,  and  ±1.5  inches  directionally  were  required  to  control  the  aircraft  in  left 
sideward  flight  at  20  and  25  Kl  AS.  Left  sideward  flight  at  30  and  35  KTAS 
required  only  mmimal  pilot  compensation  (HQRS  3).  Within  the  range  tested^  the 
left  sideward  flight  characteristics  were  similar  at  both  mid  and  extreme  right  lateral 
eg  and  all  control  marguis  were  adequate.  The  excessive  pitch,  roll,,  and  yaw 
excursions  of  the  OH-58C  LCH  in  left  sideward  flight  (which  are  essentially  the  same 
as  the  standard  OH-58C)  are  a  deficiency.  Consideration  should  be  given  to 
installation  of  a  stability  augmentation  system  (SAS)  to  improve  the  overall  handliru 
qualities  of  the  OH-58C  LCH. 
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CONCIUSIONS 


GENERAL 

1 6.  a.  The  handling  qualities  of  the  OH-S8C  LCH  were  not  significantly  changed 
from  the  standard  OH-58C  (para  6). 

b.  Hover  performance  capability  at  the  same  gross  weight  was  essentially 
unchanged  from  the  standard  OH-58C  Maximum  OGE  hover  ceiling  for  the  OH-58C 
LCH  at  3425  pounds  on  a  standard  aay  was  3300  feet  and  was  950  feet  on  a  35°C 
day  (para  7b). 


SPECfflC 


17.  The  vibrations  encountered  prior  to 
restrict  the  usable  airspeed  envelope  (para  8bL 


at  high  density  altitude  conditions 


Deficiency 

1 8.  The  excessive  pitch,  roll,  and  yaw  excursions  of  the  OH-58C  LCH  in  left 
sideward  flight  (which  are  essentially  the  same  as  the  standard  OH-58Q  are  a 
deficiency  (para  1 5c). 

Shortcomings 

19.  a.  The  inadequate  margin  between  torque  required  and  the  main 
transmission  torque  l^it  of  the  OH-58C  LCH  at  mission  gross  weight  conditions 
causes  high  pilot  work  load  which  is  a  shortcoming  (para  14b(2)). 

b.  The  tendency ,  for  the  OH-58C  LCH  to  pitch  and  yaw  excessively  in 
rearward  fli^t  (which  is  essentially  the  same  u  the  standard  OH-58C)  is  a 
shortcoming  (para  1 5a). 
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RECOMMENDATIONS 


18.  Correct  the  deficiency  listed  in  paragraph  18. 

19.  Correct  the  shcrtcomingt  listed  in  paragraphs  19a  and  19b. 

20.  Tne  following  caution  should  be  placed  in  the  operator's  manual  (para  19b(2)): 

CAUTION 

Inadvertent  overtorque  may  occur  when  operating  the 
aircraft  at  high  gross  weights. 

2 1 .  Consideration  should  be  given  to  installation  of  a  stability  augmentation  system 
,(SAS)  to  improve  the  overall  handling  qualities  of  the  OH-S8C  LCH  (para  ISc). 
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APPENDIX  B.  DESCRIPTION 


GENERAL 

1 .  The  OH-58C  Light  Combat  Helicopter  (LCH)  is  a  modidcation  of  the  standard 
OH-58C  Scout  helicopter.  Primary  modifications  include  provisions  for  rapid  air 
!ran;>portability,  addition  of  7.62mm  minigun  and  2.75-inch  folding  fin  aerial  rocket 
(FFAR)  armament  rubsystems,  installation  of  an  OMEGA  navigation  system,  and 
lighting  system  modifications  to  better  accommodate  night  vision  goggles. 
Photographs  1  through  3  show  the  OH-58C  LCH. 

2.  Ovetall  aircraft  dimensions  and  general  configuration  of  the  OH-S8C  LCH  are 
unchanged  from  the  standard  OH-S8C.  Maximum  takeoff  gross  weight  of  the  LCH  is 
3425  pounds  compared  to  3200  pounds  for  the  standard  OH-S8C.  A  general 
description  of  the  standard  OH-58C  including  operating  procedures  and  limitations 
is  presented  in  the  operator's  manual  (ref  2,  app  A).  Specific  changes  incorporated  in 
the  LCH  configuration  will  be  discuiMd  in  the  following  paragnpbs. 


CREW  STATION 

3.  Numerous  equipment  changes  were  made  to  the  imtrument  panel,  console,  and 
controls.  The  following  equipment  was  added; 

a.  OMEGA  LTN>2 1 1  navigation  control  panel. 

b.  Croastrack  indicator  for  OMEGA. 

c.  Second  KY-28  secure  control  panel  for  FM  radio  no.  2. 

d.  Third  KY-28  secure  control  panel  for  UHF  radio. 

e.  M27E]  armament  control  panel, 
f  Rocket  armament  control  panel 

g.  Rocket  fire  function  on  pilot  and  copilot  cyclic  grips. 

4.  The  following  equipment  was  deleted; 

a.  AN/ARN-89  (ADF)  control  panel. 

b.  Course  deviation  indicator  (CDI). 

c.  AN/ ARN- 1 23  CONUS  navigation  receiver  control  panel. 

d.  CONUS  RMI  BRG  pointer  switch  and  marker  beacon  light. 

e.  Sweep  second  hand  clock. 

The  instrument  panel  is  shown  in  photograph  4. 
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UCHTING 


5.  In  order  to  better  accommodate  night  vision  goggles  (NVG)  and  fonnation 
flight  operations,  the  lower  anticollision  light  wm  removed  and  the  following 
eq'jupment  was  added ; 

a.  Extetnal  cateye  position  lights  and  shields  with  switch  function  tied 
to  existing  position  lights  switch  DIM  pos'tion. 

b.  External  formation  Ughts  with  switch  and  dimmer  on  instrument  panel 

c.  Masking  added  to  white  positirm  light  on  tail  of  aircraft. 

d.  Pilten  and  masking  added  on  the  three  M27E1  armament  control  panel 
lighted  legends. 

e.  Filter  added  on  APR-39  indicator  light. 

f  Filter  added  on  cockpit  utility  light. 


ARMAMENT  SYSTEM 

6.  The  M1S8A1  subsystem,  a  2.7S-inch  FFAR  pod  with  seven  launch  tubes,  was 
mounted  on  the  ri^t  side  of  the  aircraft.  The  M27E]  subsystem  with  Ml 34  machine 
gun  assembly  consisting  of  a  six  barrel  7.62  millimeter  gun,  delinking  feeder,  flash 
suppressors,  electric  gun  drive  and  ram  air  breech  cooling  was  mounted  on  the  left 
side  of  the  aircraft.  The  M70EI  hebcopter  reflex  sight  is  not  a  part  of  this 
conflguration.  Photographs  of  the  armament  system  are  pieaented  in  photographs  5 
and  6. 


RAPID  AIR  TRANSPORTABILITY 

7.  In  order  to  allow  rapid  air  transportabibty  the  following  modifications  were 
incorporated: 

a.  Installation  of  the  two-position  landing  gear.  Bell  Hebcopter  Drawing 

Number  SKT  JB-1 1 1580  with  £0-206  ,HAB-209,  utilizing  either  the 

206-HAB4)24-l01  (stt  right)  or  206-HAB4}89-10l  (curved)  forward  cro«  tube 
assembly.  .  ' 

b.  Modification  of  the  vertical  fin  for  air  transporabibty,  BeO  Hebcopter 
Drawing  Number  SKRBI 1 2180. 

c.  Brackets  ad''  sd  for  attachment  of  hardware  for  securing  folded  main  rotor 
blades. 

d.  The  UHF  antenna  was  relocated  on  the  nose  of  the  aircraft.  Photographs 
of  the  two-po«tion  landing  gear  and  UHF  antenna  are  presented  in  photographs  7 
and  8. 
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Photo  7.  Relocated  I'Mh  Antenna  and  l-xtemal  Ninht  Vision  Gosgle  Light 


ELECTRICAL  AND  AVIONICS 


8.  The  helicopter  is  equipped  with  a  solid  state  250VA  inverter  powered 
from  the  nonessential  28  VDC,  protected  by  the  INV  PWR  circuit  breaker 
and  manually  controlled  by  the  INV  switch.  The  inverter  delivers  115  VAC, 
400  Hz  to  the  AC  bus  to  power  the  AN/ASN-43,  the  AC  fail  relay,  and  the 
OMEGA  system.  This  new  inverter  is  mounted  in  the  left  hand  equipment 
bay.  A  new  equipment  shelf  has  been  added  in  the  left  hand  equipment  bay. 
It  is  raised  10  inches  off  the  floor  and  the  receiver  unit  for  the  OMEGA,  the 
KY-28  for  the  AN/ ARC-1 14  number  2  and  the  250  VA  inverter  are  mo>mted 
on  it.  The  bcttery  has  ^)een  moved  17  inches  nearer  the  door  where  the 
AN/ARN-89  receiver  unit  was.  A  photograph  of  the  left  hand  equipment  bay 
is  presented  in  photograph  9. 

9.  The  OH-58C  Light  Combat  Helicopter  is  equipped  with  two 
AN/ARC-114  VHF-FM  rarUos,  an  AN/ARC-115  VHF-AM  radios,  an 
AN/ ARC-1 64  UHF-AM  n  dio,  three  TSEC/KY-28  voice  security  devices  for 
the  two  AN/ARC-lM's  and  the  AN/ARC-164,  an  AN/ASN-43  gyromagnetic 
compass  set,  an  AN/APN-2n9  radar  altimeter,  an  AN/APR-39  radar  warning 
set,  the  AN/APX-100  transponder  set  with  Kit-IA,  an  OMEGA  navigation 
set,  and  two  C-6533/ARC  communication  system  control  devices.  Also  in 
this  configuration,  the  following  have  been  removed:  The  AN/ARN-89  ADF 
control  head,  along  with  the  AN/ARN-1 23  CONUS  navigation  receiver  and 
one  C-6533/ARC  interphone  receiver.  It  should  be  noted  that  the  FM 
homing  function  does  not  exist  in  the  LCH  configuration. 

1 0.  An  OMEGA  cross-track  indicator  has  been  added  to  the  instrument  panel.  This 
indicator  displays  continuous  cross  track  (left  or  tight  of  the  couite)  information. 
This  indicator  has  five  index  markings.  The  center  poiition  indicates  a  null 
condition.  The  next  is  for  2.25  nautical  miles  and  the  lut  b  for  4.S  nautical  miles. 
The  indicator  needle  will  move  left  when  the  aircraft  position  is  right  of  course.  If 
the  needle  moves  right,  actual  aircraft  position  is  left  of  courw. 

1 1 .  The  electrical  discormects  for  the  vulnerability  reduction  directional 
anti-torque  system  have  been  disabled  by  physically  disconnecting  their  electrical 
connecton  and  stowing  them,  in  place,  so  they  will  not  Irind  with  the  existing 
control  wire/rod; 


ADDITIONAL  MODIFICATIONS 

1 2.  ‘  To  accommodate  the  armament  system  the  rear  seats  were  removed.  All  doors 
and  the  tail  rotor  drive  shaft  cover  were  also  removed. 


AIRWORTHINESS  RELEASE  OPERATING  UMrTATIONS 

13.  The  airspeed  limits,  sideslip  limits,  and  longitudinal  and  lateral  eg  limits  from 
the  AVRADCOM  Airworthiness  Release  are  presented  in  figures  1  through  4. 
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APPENDIX  C.  INSTRUMENTATION 


1 .  The  test  instrumentation  system  was  designed,  calibrated,  installed,  and  main- 
rained  by  LiSAAEFA.  Digital  and  analog  data  were  obtained  from  calibrated 
instrumentation  and  were  recorded  on  magnetic  tape  and/or  displayed  in  the 
co-kpit.  The  instrumentation  system  consisted  of  various  transducers,  signal 
co.iditioning  units,  a  ten-bit  PCM  encoder,  and  the  Ampex  AR  700  tape  recorder. 
Time  correlation  was  accomplished  with  a  pilot/engineer  event  switch  and  onboard 
recorded  and  displayed  Inter-Range  Instrumentation  Group  (IRIG)  B  time.  Various 
specialized  test  indicators  displayed  data  to  the  pilot  and  engineer  continuously 
during  the  flight.  A  b<x)m  with  the  following  sensors  wu  mounted  on  the  nose  of 
the  aircraft;  swiveling  pitot-static  head,  sideslip  vane,  and  angleH)f-attack  vane. 
Photographs  1  through  4  show  the  instrumentation  installation.  Boom  airspeed 
system  calibration  is  shown  in  figures  I  through  3.  The  engine  torquemeter 
calibration  is  shown  in  figure  4. 

2.  The  following  parameters  were  displayed  on  calibrated  instruments  in  the 
cockpit; 

Airspeed  t  boom ) 

Airspeed  (ship's  system) 

Altitude  (boom) 

Rotor  speed 
Engine  torque 
Fuel  flow  rate 
Fuel  used  (totalizer) 

Outside  air  temperature 
Norma)  acceleration 
Angle  of  sideslip 
Tether  cable  tension 
Tether  cable  angle 
Time  of  day 
Record  counter 

3.  The  following  parameters  were  recorded  on  magnetic  tape: 

Tim  !  code 
Run  number 
Pilot  /engineer  event 
Fuel  used 
Airspeed  (boom) 

Alti  Ude  (boom) 

Main  rotor  speed 
Outnde  air  temperature 
Angle  of  sideslip 
Angle  of  attack 
Engine  torque 
Tur  jine  outlet  temperature 
Gaa  producer  speed 
Fuel  flow  nte 
Control  positions 
Longitudinal 
Lateral 
Directional 
Collective 


Aircraft  attitudes  and  rates 
Pitch 
RoU 
Yaw 

Tether  cable  tension 

Tether  cable  angles 
Longitudinal 
Lateral 

Aircraft  centerof-gravity  accelerations 
Longitudinal 
Lateral 
Normal 

Pilot  seat  accelerations 
Longitudinal 
Lateral 
Vertical 
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APPENDIX  D.  TEST  TECHNIQUES  AND 
DATA  ANALYSIS  METHODS 

PERFORMANCE 

1.  The  helicopter  performance  test  data  were  generalized  by  use  of 
nondimensional  coefficients  and  were  such  that  the  effects  of  compressibility  and 
blade  stall  were  not  separated  and  defined.  The  following  nondimensional 
coefficients  were  used  to  generalize  the  hover  and  level  flight  test  results  obtained 
during  this  flight  test  program. 

a.  Coefficient  of  power  (Cp): 


(1) 


(2) 


(3) 


(4) 


SHP  «  Engine  output  shaft  horsepower 
550  »  Conversion  factor  (ft-lb/sec/shp) 
p  »  Air  density  (slug/ft* ) 

A  »  Main  rotor  disc  area  (ft^ ) »  980.56 

n  »  Main  rotor  angular  velocity  (radian/sec)  *  37.07  (at  354  rpm) 

R  ■  Main  rotor  racUus  (ft)  ■  17,667 

Thrust «  Gross  weight  (lb)  during  free  flight  in  which  there  is  no  acceleration  or 
velocity  component  in  the  vertical  directioa.  Tether  load  must  be 
added  in  the  case  of  tethered  hoy^r. 

1 .6878  *  Convenion  factor  (ft/sec/knot) 

V_  ■  True  airspeed  (knot) 
a  *  Speed  of  sound  (ft/sec)  ■  1 1 1 6.45 
9»(T+  273.t5)/288.15 
T  ■  Ambient  air  temperature  (*C) 

For  a  rotor  speed  of  354  rpm,  the  following  constants  were  used: 

A  «  980.56  ft* 
f2R  »  654.93  ft/sec 
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A(nR)^  =  420594463.5  ft^/sec^ 

A(nR)*  =  2.7544598083  x  10*  *  ft*/sec^ 


Shaft  Horaepower  Required 

2.  The  engine  output  shaft  torque  was  determined  from  the  engine  manufacturer's 
torque  system.  The  relationship  of  measured  torque  pressure  (psi)  to  engine  output 
shaft  torque  (in-lb)  as  determined  in  the  engine  test  cell  calibration  is  shown  in 
figure  4,  appendix  C.  The  output  shp  was  determined  from  the  engine  output  shaft 
torque  and  rotational  speed  by  the  following  equation; 


SHP  = 


2»  X  N,  X  Q 
33,000 


Where: 

=  Engine  output  shaft  routional  speed  (rpm) 
Q  *  Engine  output  shaft  torque  (ft-lb) 

33,000  ■  Conversion  factor  (ft-lb/min/shp) 


(5) 


HOVER  PERFORMANCE 

3.  Hover  performance  data  were  gathered  during  2*foot  and  SO-foot  tethered 
hovering  flight.  Power  was  varied  between  data  points  from  the  minimum  required 
to  maintain  tension  in  the  tehter  cable,  to  the  maxitnjm  power  available.  Cable 
tension  was  measured  and  added  to  the  aircraft  groaa  weight  to  determine  thrust 
(required  in  equation  2).  To  further  increase  the  range  of  Cj.  and  C^,  main  rotor 
speed  was  varied  from  approximately  97  to  100  percent. 

Level  Flight  Performance  and  Specific  Range 

4.  Level  fhght  performance  data  were  reduced  using  equations  1,  2  and  3.  Each 

speed  power  was  flown  at  a  predetermined  constant  C»  by  maintaining  a  constant 
referred  gross  weight  (W/5)  and  referred  rotor  speed  A  constant  W'6  was 

maintained  by  increasing  ambient  pressure  ratio  (8)  u  the  aircraft  gross  weight 

vi'/*^*!^**  •’“"'Off-  Rotof  speed  was  also  varied  to  maintain  a  constant 

as  the  ambient  air  temperature  varied. 

jMt-day  (measured)  level  flight  power  wu  corrected  to  standard-day 
conditions  (average  for  the  fli^t)  by  assuming  that  the  test-day  dimenaionleas 
parameters  C^^,  C.j.^,  and  #1,  are  identic^  to  C^^,  ,  and  |»,,  respectively. 

From  equation  1 ,  the  following  relationship  can  be  derived ; 

SHP,  -  SHP,  (A) 

Pt 


(6) 


Where: 


Subscript  t  =  test  day 
Subscript  s  =  standanl  day 

6.  Test  specific  range  was  calculated  using  level  flight  perfonnance  data  and 
the  measured  fuel  flow. 


Where: 

SR  3  Specific  range  (nautical  air  miles  per  pound  of  fuel) 
V.,.  *  True  ainpeed  (knot) 

Wj  *  Fuel  flow  flb/hr) 


HANDUNG  QUALITIES 


7.  Stability  and  control  data  were  collected  and  evaluated  using  standard  test 
methods  as  described  in  reference  S,  appendix  A.  Definitions  of  defidendes  and 
shortcomings  used  during  this  test  are  shown  below. 


a.  Defiden^.  A  defect  or  malfunction  discovered  during  the  life  cycle 
of  an  item  of  equipment  that  constitutes  a  ufety  hazard  to  peiscnr.el;  will  result 
in  serious  damage  to  the  equipment  if  oireration  iscontinued;  or  indicates  improper 
design  or  other  cause  of  failure  of  an  item  or  part,  which  seriov'.ty  impain  the 
equipment's  operational  capability. 


b.  Shortcoming.  An  imperfection  or  malfunction  occurring  ’uring  the  life 
cycle  of  equipment  which  must  be  reported  and  which  should  corrected  to 
increase  efficiency  and  to  render  the  equipment  completely  servicea  le.  It  will,  not 
cause  an  immediate  breakdown,  jeopardize  safe  operatioa,  or  materially  reduce  the 
useability  of  the  material  or  end  product. 


AIRSPEED  CAUBRATION 

8.  The  boom  pitot-static  system  wu  calibrated  by  uaihg  the  trailing  bomb  method 
to  determine  the  ainpeed  position  error.  Calibrate  airspeed  (V  |)  was  obtained 
by  correcting  indicated  ainpeed  (Vj)  using  instrument  (AV,^)  ana  position  (AV,^) 
error  corrections.  _ 

+  (8) 
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"■•’atT’aBa 


9.  True  airspeed  (Vj)  was  calculated  from  the  calibrated  airspeed  and  density 
ratio. 

A: 

y/  a  (9  ) 

Where; 

a  *  Eienaity  ratio  i— )  '•'here  p„  is  the  density  at  sea  level  on  a  standard  day 
Po 

WEIGHT  .AND  BALANCE  , 


10.  Prior  to  testing,  the  aircraft  gross  weight  and  center-of-giavity  (eg)  location 
were  determined  by  using  calibrated  scales!  The  aircraft  was  weighed  with  full 
fuel  in  the  light  combat  helicopter  configuration  with  instrumentation  on  board. 
The  aircraft  weight  was  2921  pounds  with  a  longitudinal  eg  location  at  FS  113.59 
and  a  lateral  eg  location  at  BL  0.72. 


HANDUNG  QUAUTIES  RATING  SCALE 

1 1 .  The  Handling  Qualities  Rating  Scale  (HQRS)  presented  in  figure  1  was  used  to 
augment  pilot  comments  relative  to  handling  quahtiea  and  work  load. 
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Figure  I.  Handling  Qualities  Rating  Scale 
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US  Army  LofisticB  Evaluation  Aftncy  (DALO-LEI)  1 

US  Army  Materiel  Systems  Analysis  A«ency  (DRXSY-R,  DRXSY  M?)  2 

US  Army  Operational  Test  and  Evaluation  Agency  (CSTE-POD)  1 

US  Army  Armor  Center  (ATZK-CIVTE)  1 

US  Army  AvUtion  Center  (ATZQ-D-T.  ATZOTSM-A.  ATZQ>TSM>S 

ATZQ-TSM-U)  3 

US  Army  Combined  Arms  Onter  (ATZLCA-OM)  I 

US  Army  Infantry  Center  (ATSH-TSM-BH)  1 

US  Army  Safety  Center  (IGAK'tA,  XjAR>Library)  2 

US  Army  Research  and  Technoiogy  Laboratories  (DAVDL-AS/DAVDL-POM)  1 
US  Army  Reaearch  and  Technology  Laboratoilee/ Applied  Technology 

Laboratory  (DAVDl^ATL-D.  DAVOL-Ubrary)  2 


US  Amy  Research  and  Technology  Laboratohes/Aeromechanics 


Laboratory  (DAVDL-ATL-D)  I 

US  Amy  Research  and  Technology  Laboratoriea/Ttopulsion 

Laboratory  (DAVDL-PL-D)  I 

Defense  Technical  Infomation  Center  (DDR)  12 

US  Military  Academy  (MADN-F)  1 

MTMC-TEA  (MTT-TRC/Steve  Htrfa)  1 


\ 


